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SPECIFICATION 

SEMICONDUCTOR DEVICE AND 
SUBSTRATE FOR MOUNTING THE SAME 

5 

Tf^nhnical F j. g 1 e;^ 

The present invention relates to a semiconductor 
device, and more specifically to a semiconductor 
device having a light emitting capability and/or a 

10 light receiving capability. Further, the present 
invention relates to a circuit substrate for 
supporting such a semiconductor device as the above. 
Still further, the present invention relates to a 
combination of the semiconductor device and a storage 

15 receptacle for collectively holding a plurality of 
the semiconductor devices. 

R?^ckaround Art 

Fig. 20 and Fig. 21 show a prior art semiconductor 

20 device. This semiconductor device X is a light 
emitting diode (LED) , and includes a first lead 100, 
a second lead 2 0 0, a semiconductor chip 3 0 0 as a light 
emitting element, a connecting wire W, and a 
protective package 400. 

25 The semiconductor chip 3 0 0 is placed at an inner 

end 100a of the first lead 100. The semiconductor 
chip 3 0 0 has an upper surface 3 3 0 electrically 
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connected with an inner end 2 0 0a of the second lead 
2 0 0 via a wire W. The protective package 4 0 0 is made 
of a transparent resin such as an epoxy resin, and 
completely covers the semiconductor chip 300 and the 
5 connecting wire W. Further, the protective package 
400 partially covers the first and the second leads 
1 0 0, 2 0 0. In Figs. 20 and 21, the inner portion of 
the first lead 100 covered by the protective package 
400 is indicated by numeral code 110 whereas the outer 
10 portion of the first lead 100 extending out of the 
protective package 400 is indicated by numeral code 
111. Like the first lead 100, the second lead 200 
also has an inner portion 22 0 covered by the 
protective package 400 and an outer portion 221 
15 extending out of the protective package 400. 

As shown in Fig. 21, the inner portion 110 of the 
first lead 100 extends straightly whereas the outer 
portion 111 is bent. The outer portion 111 of the 
first lead 100 has a free end Ilia flush with a bottom 
20 surface of the protective package 400. The second 
lead also has the same constitution as the first lead, 
and thus has a free end 221a flush with the bottom 
surface of the protective package 400. 

The circuit substrate 5 is provided with pads 52a, 
25 52b for establishing electrical connection with the 
semiconductor device X. The semiconductor device X 
is mounted on the circuit substrate 5, with the free 
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ends 111a, 221a connected with the pads 52a 52b 
respectively . 

The prior art semiconductor device X is 
inconvenient in the following points: Specifically, 
5 the semiconductor device X is mounted on the circuit 
substrate 5 via the leads 10 0, 2 0 0 which are bent as 
described above. In such a case, as shown in Fig. 
21, the entire protective package 400 of the 
semiconductor device X comes above the circuit 
10 substrate 5. This leads to a problem that a dimension 
Dh between a top Ap of the semiconductor device X and 
an upper surface of the circuit substrate 5 becomes 
large . 

1 5 DT.qrT.nsTT^F. of the invention 

It is therefore an object of the present invention 
to provide a semiconductor device capable of solving 
or at least reduce the problem described above. 

Another object of the present invention is to 
20 provide a circuit substrate for mounting such a 
semiconductor device as the above. 

Still another object of the present invention is 
to provide a combination of a plurality of the 
semiconductor devices and a storage receptacle for 
25 collectively holding these semiconductor devices. 

According to a first aspect of the present 
invention, there is provided a semiconductor device 
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comprising: a semiconductor chip; a protective 
package covering the semiconductor chip; a first lead 
conducting to the semiconductor chip, including an 
inner portion covered by the protective package and 
5 at least one outer portion extending out of the 
protective package; a second lead conducting to the 
semiconductor chip, including an inner portion 
covered by the protective package and at least one 
outer portion extending out of the protective 
10 package; wherein each of the outer portions of the 
first lead and the second lead is flat. 

Preferably, the outer portion of the first lead 
and the outer portion of the second lead extend in 
a s ame p 1 ane . 

15 Further, the inner portion and the outer portion 

of the first lead, and the inner portion and the outer 
portion of the second lead may extend in a same plane. 

According to a preferred embodiment of the 
present invention, each of the first lead and the 

20 second lead has a plurality of outer portions 
extending out of the protective package, and the 
outer portions extend in a same plane. 

Preferably, the protective package includes at 
least a pair of opposed side surfaces, and each of 

25 the side surfaces has a first slanted portion and a 
second slanted portion. 
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The first slanted portion and the second slanted 
portion may be flat and meet with each other at a 
predetermined angle. 

The semiconductor chip is a light emitting 
5 element for example. Also, the semiconductor chip 
is a light receiving element for example. 

According to another preferred embodiment of the 
present invention, the semiconductor device further 
comprises an additional semiconductor chip, a third 
10 lead conducting to the additional semiconductor 
chip, and a fourth lead conducting to the additional 
semiconductor chip. The third lead includes an inner 
portion covered by the protective package and a flat 
outer portion extending out of the protective 
15 package, and the fourth lead includes an inner 
portion covered by the protective package and a flat 
outer portion extending out of the protective 
package . 

According to a second aspect of the present 
20 invention, there is provided a circuit substrate for 
mounting a semiconductor device including a 
protective package and flat leads extending out of 
the protective package. The substrate comprises: a 
main surface formed with a predetermined wiring 
25 pattern; a plurality of connecting pads formed in the 
main surface for conduction to the leads of the 
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semiconductor device; and a through hole 
corresponding to a shape of the protective package. 

Preferably, the connecting pads are disposed 
around the through hole. 
5 Preferably, the main surface mounted with the 

semiconductor device is laminated with a coating 
member . 

According to a third aspect of the present 
invention, a combination of a plurality of 

10 semiconductor devices and a storage receptacle for 
storing the same is provided: each of these 
semiconductor devices includes an upper surface 
having a predetermined function, and a bottom surface 
away from the upper surface, whereas the storage 

15 receptacle includes a carrier member having a 
plurality of recesses opening upward, and a covering 
tape having an adhesive surface attached to the 
carrier member, and the semiconductor device is 
housed in the recess with the bottom surface facing 

20 upward . 

According to a preferred embodiment of the 
present invention, the upper surface of the 
semiconductor device is formed with a light- 
condensing portion. 
25 Preferably, each of the recesses includes a 

larger space and a smaller space. 
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Preferably, the recesses are formed 

longitudinally of the carrier member at a 
predetermined interval . 

Other objects, characteristics, and advantages 
5 of the present invention will become clearer from the 

following description of embodiments to be presented 

with reference to the accompanying drawings. 

T^RTF.F DESP-RTPTTO N OF THF, DRAWINGS 

10 Fig. 1 is a perspective view of a semiconductor 

device as a first embodiment of the present 
invent i on . 

Fig. 2 is a sectional view taken in lines I-I in 
Fig . 1 - 

15 Fig. 3 is a perspective view of a semiconductor 

device as a second embodiment of the present 
invention . 

Fig. 4 is a sectional view taken in lines II-II 
in Fig . 3 . 

20 Fig. 5 is a plan view of the semiconductor device 

in Fig. 3 . 

Fig. 6 is a plan view of a lead frame used for 
manufacture of the semiconductor device according to 
the present invention. 
25 Fig. 7 is a diagram for describing a wire-bonding 

s t ep . 
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Fig. 8 is a sectional view showing a packaging 
step. 

Fig. 9 is a diagram for describing a step in which 
the semiconductor device according to the present 
5 invention is mounted on a circuit substrate. 

Fig. 10 a sectional view showing a use of the 
semiconductor device according to the present 
invention . 

Fig. 11 a perspective view of a semiconductor 
10 device as a third embodiment of the present 
invent ion. 

Fig. 12 a plan view of the semiconductor device 
in Fig . 11. 

Fig.- 13 is a diagram showing constituent elements 
15 of the semiconductor device. 

Figs. 14-17 are diagrams for describing 
manufacturing steps of the semiconductor 
device in Fig. 11. 

Fig. 18 is a sectional view of a storage 
20 receptacle for collectively holding a plurality of 
the semiconductor devices. 

Fig. 19 is a diagram showing a state in which the 
semiconductor device is being taken out of the 
storage receptacle in Fig. 18. 
25 Fig. 20 is a perspective view of a prior art 

semiconductor device. 
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Fig 
III in 



. 2 1 

Fig 



is a sectional view taken in lines III - 
2 0 . 



RF.qT MODE FO-R TARR V TMa OUT THE INVSNTIQN 

5 Now, preferred embodiments of the present 

invention will be described with reference to the 
accompanying drawings, Fig. 1-19. 

First, reference is made to Figs. 1 and 2. These 
figures show a semiconductor device according to a 
10 first embodiment of the present invention. This 
semiconductor device A according to the present 
embodiment has a light emitting capability as will 
be described later. However, the present invention 
is not limited to this embodiment, and can be 
15 applicable to other semiconductor devices. 

As shown in Figs. 1 and 2, the semiconductor 
device A comprises a first lead 1, a second lead 2 
spaced from the first lead 1, and a semiconductor chip 
3 having a light emitting capability. The 
20 semiconductor chip 3 is supported on an end 10a of 
the first lead 1, and has an upper surface 30 
electrically connected with an end 20a of the second 
lead 2 via a wire W. 

The semiconductor device A further comprises a 
25 protective package 4 made of a transparent resin. The 
protective package 4 includes a main body portion 40 
which is generally rectangular parallelepiped, and 



9 



a light condensing portion 44 formed on an upper 
surface of the main body portion. The light 

condensing portion 44 is provided so as to prevent 
diffusion of light emitted by the semiconductor chip 
5 3 . 

The protective package 4 entirely covers the 
semiconductor chip 3 and the wire W, and partially 
covers the first lead 1 and the second lead 2. With 
this constitution, the first lead 1 includes an inner 

10 portion 10 covered by the protective package 4 and 
an outer portion 11 extending out of a first side 
surface 42 of the protective package 4. Likewise, 
the second lead 2 also includes an inner portion 20 
covered by the protective package 4 and an outer 

15 portion 21 extending out of the second side surface 
43 of the protective package 4. 

As shown in Figs. 1 and 2, the first lead 1 and 
the second lead 2 are flat as a whole. Therefore, 
the outer portions 11, 21 of the first lead 1 and the 

20 second lead 2 are also flat. As clearly shown in Fig. 
2, in a vertical relationship (i.e. directions 
indicated by reference code Vd) , the first lead 1 and 
the second lead 2 are located at a center of the main 
body portion 40 of the protective package 4 . Further, 

25 the first lead 1 and the second lead 2 extend in 
parallel to a bottom surface 41 of the protective 
package 4. Therefore, the outer portion 11 of the 
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first lead 1 is vertical to the first side surface 
42 of the protective package 4 whereas the outer 
portion 21 of the second lead 2 is vertical to the 
second side surface 43 of the protective package 4. 

The semiconductor device A with the constitution 
described above is mounted on the circuit substrate 
5 as shown in Fig. 2. Specifically, the circuit 
substrate 5 has a main surface 51 (a lower surface 
in Fig. 2) provided with connecting pads 52 at 
locations corresponding to the outer portion of the 
first lead 1 and the outer portion 21 of the second 
lead 2. Though not illustrated, the main surface 51 
is formed with a predetermined wiring pattern 
connecting with these connecting pads 52. Further, 
the circuit substrate 5 is provided with a through 
hole 50 between the connecting pads 52 for fitting 
the semiconductor device A. 

The semiconductor device A is fitted into the 
through hole 50, with the light condensing portion 
44 facing away from the main surface 51 of the circuit 
substrate 5. The outer portion 11 and 21 of the first 
lead 1 and the second lead 2 are connected to 
respective connecting pads 52 via solder 53. 
According to the mounting method described as above, 
the distance Dh between the top of the light 
condensing portion 44 and a second surface 51a of the 
substrate 5 can be made smaller than in the prior art. 
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Reference is now made to Figs. 3-5. These figures 
show a semiconductor device B according to a second 
embodiment of the present invention. It should be 
noted here that components substantially the same as 
5 in the first embodiment are indicated by the same 
reference codes in Figs. 3-5. 

As shown in Fig. 3, the semiconductor device B has 
a first lead 1' to which the semiconductor chip 3 is 
bonded, and the second lead 2' . The semiconductor 

10 chip 3 is connected to the second lead 2' via a wire 
W. The semiconductor device B further has a 
protective package 4' for protecting the 
semiconductor chip 3 and the wire W. The protective 
package 4' has an opposed pair of side surfaces 42' 

15 and 43' (hereinafter called the first side surface 
42' and the second side surface 43'), out of which 
the first lead 1' and the second lead 2' extend 
respectively. The protective package 41 has another 
opposed pair of side surfaces 45' and 46' . The 

20 protective package 4' further has a light condensing 
portion 44' for appropriately condensing light 
emitted by the semiconductor chip 3. 

As shown in Fig. 4, each of the first side surface 
42' and the second side surface 43' of the protective 

25 package 4' includes two slanted surfaces. 
Specifically, the first side surface 42' includes an 
upper slanted surface slanted at an angle of a with 
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respect to the vertical line, and a lower slanted 
surface slanted at an angle of jS to the same vertical 
line. Likewise, the second side surface 43' and other 
side surfaces 45', 46' include an upper slanted 
5 surface and a lower slanted surface respectively. 
The angles a and /3 may be 5-10 degrees for example. 
The angles a and i3 may be the same or may be different 
from each other. 

As shown in Fig. 5, the first lead 1' includes an 

10 inner portion 10' covered by the protective package 
4' and a first outer portion 11' and a second outer 
portion 12' each extending out of the protective 
package 4' . The inner portion 10' and the two outer 
portions 11', 12' extend in a plane parallel to a 

15 bottom surface 41' of the protective package 4'. 
Further, the first lead 1' has a supporting pad lO'a 
to be mounted with a semiconductor chip 3. The 
supporting pads lO'a is located between the first 
lead 1' and the second lead 2', being connected to 

20 the inner portion 10' of the first lead 1' via a 
connecting portion lO'b. 

The second lead 2' includes an inner portion 20' 
covered by the protective package 4' and a first outer 
portion 21' and a second outer portion 22' each 

25 extending out of the protective package 4'. As in 
the first lead 1', the inner portion 10' and the two 
outer portions 21', 22' of the second lead 2' also 



extend in the plane parallel to the bottom surface 
41' of the protective package 4' . 

The semiconductor device B with the constitution 
described above is fitted into a through hole 50 
5 formed in the circuit substrate 5 as is the 
semiconductor device A according to the first 
embodiment, and then fixed to the circuit substrate 
5 via solder 53. 

As has been described, each of the side surfaces 

10 42', 43', 44', 45' of the semiconductor device B 
according to the second embodiment includes the upper 
slanted surface and the lower slanted surface (See 
Fig. 4.) Therefore, the semiconductor device B can 
be easily inserted into the through hole 50 of the 

15 circuit substrate 5. By adjusting the angle a, the 
size of the protective package 4' , and the size of 
the through hole 50, it becomes possible to make easy 
the insertion of the protective package 4' into the 
through hole 50, and to reliably fit the protective 

20 package 4' into the through hole 50. 

As shown in Fig. 3, the side surface 46' of the 
protective package 4' is formed with a cutout 46'a. 
The cutout 46'a is an indication of the polarity of 
semiconductor device B. For example, one of the two 

25 leads 1', 2' which is closer to the cutout 46' (i.e. 
the second lead 2' according to Fig. 3) may be 
predetermined to be negative. With such an 
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arrangement as the above, the semiconductor device 
B can be appropriately inserted to the through hole 
50 of the circuit substrate 5. 

In the semiconductor device B according to the 
5 second embodiment, each of the first lead 1' and the 
second lead 2' has two outer portions. Therefore, 
the circuit substrate 5 needs a total of four 
connecting pads 52. However, as will be understood 
from Fig, 5, if the outer portion 11' of the first 

10 lead 1' is conductive to the corresponding connecting 
pads 52, the other outer portion 12' does not need 
to be conductive to its corresponding connecting pads 
52. Specifically, the outer portion 12' may only be 
fixed mechanically to its corresponding pad 52. The 

15 same applies to the outer portions 21', 22' of the 
second lead 2' . By attaching the semiconductor 
device B to the circuit substrate 5 via the four outer 
portions 11', 12', 21', 22' as described above, the 
semiconductor device B can be mounted stably on the 

20 circuit substrate 5. 

Next, a method for manufacturing the 
semiconductor device B having the above constitution 
will be described with reference to Figs. 6-8. 

Fig. 6 is a plan view showing a lead frame used 

25 for the manufacture of the semiconductor device B. 
The lead frame 6 shown in the figure can be obtained 
by punching out a metal plate made of cupper, iron 
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and so on. The lead frame 6 includes a pair of side 
bars 60 extending in parallel to each other. Further, 
the lead frame 6 has a plurality of cross member pairs 
61 interconnecting the side bars 60. The cross bar 
5 pairs 61 are disposed at an interval longitudinally 
of the side bars 60. Each of the cross bar pairs 61 
includes a first cross bar 61a and a second cross bar 
61b extending vertically with respect to the 
longitudinal direction of the side bar 61. The first 

10 cross bar 61a has a center portion formed with a 
bonding pad lO'a. 

A semiconductor chip 3 is bonded to each of the 
bonding pads 10' . If the semiconductor device B is 
constituted as a light emitting device, the 

15 semiconductor chip 3 is provided by a light emitting 
diode for example. If the semiconductor device B is 
constituted as a light receiving device, the 
semiconductor chip 3 is provided by a phototransistor 
for example. Of course, other semiconductor chips 

20 may be used. 

Next, as shown in Fig. 7, an upper surface 30 of 
the semiconductor chip 3 and the second cross bar 61b 
are connected by a wire W. The connection of the wire 
W can be made by using a bonding tool 7 . Specifically, 

25 a tip portion of the wire W is extended out of a lower 
end portion of the bonding tool 7. Then, the tip 
portion is melted into a ball of molten. Then, the 
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bonding tool 7 is moved downward, pressing the molten 
ball onto the upper surface of the semiconductor chip 
3 (first bonding) . Thereafter, while pulling the 
wire W out of the lower end portion of the bonding 
5 tool 7, the bonding tool is moved to the location of 
the second cross bar 61b. Finally, the wire W is 
press-fitted to the second cross bar 61b (second 
bonding) . In order to perform the wire bonding 
appropriately, the lead frame 6 should preferably be 

10 heated by a heater (not illustrated) incorporated in 
a supporting table 8. Alternatively, the bonding 
tool 7 may be supplied with ultrasonic wave when 
performing the second bonding. 

Next, by using a predetermined molding apparatus, 

15 a protective package 4' is formed in a region P 
enclosed by phantom lines (Fig. 6) of the lead frame 
6. Each of the protective package 4' is formed as 
foil ows : 

First, as shown in Fig. 8, the semiconductor chip 
20 3 is housed in a cavity 90 formed by an upper mold 
member 9A and a lower mold member 9B. Next, under 
this particular state, a molten thermosetting resin 
(an epoxy resin for example) is injected into the 
cavity 90. Finally, a f t e r t h e i n j e c t e d r e s i n ha s b e e n 
25 set, the upper mold member 9a and the lower mold 
member 9B are moved upward and downward respectively, 
to take out the solid resin, i.e. the protective 
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package 4' . By this molding operation, the light 
condensing portion 44' is formed simultaneously. 

As shown in Fig. 8, the upper mold member 9A has 
downwardly widening inner side surfaces 9Aa whereas 
5 the lower mold member 9B has upwardly widening inner 
side surfaces 9Ba. For this reason, when the resin 
set in the cavity 90 is taken out, the solid body of 
resin can be easily separated from the upper mold 
member 9A and the lower mold member 9B. 

10 If the semiconductor device B is constituted as 

the light emitting device or a light receiving 
device, the protective package 4' is formed of a 
highly transparent resin (for example an epoxy 
resin) . Otherwise, the protective package 4' may not 

15 necessarily be formed of a highly transparent resin, 
or it is not necessary to provide the light condensing 
portion 44' depending on the application. 

The semiconductor device B can be constituted so 
as to selectively receive an infrared ray. In this 

20 case, the protective package 4' may be of a 
transparent material, but is preferably formed of a 
black resin in order to effectively prevent the 
reception of rays other than the infrared ray. 

After the protective package 4' is formed, the 

25 first and the second cross bars 61a, 61b are cut at 
predetermined locations (indicated by dashed lines 
in Fig. 6) to obtain a finished semiconductor device 
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B (Fig. 3) . The semiconductor device B thus obtained 
may be mounted on the circuit substrate 5 with another 
semiconductor device for light reception, a photo 
sensor can be manufactured. 

Fig. 9 shows a step of mounting the semiconductor 
device B according to the second embodiment of the 
present invention on the circuit substrate 5. (The 
circuit substrate 5 shown in the figure has a light 
receiving semiconductor device B' already mounted.) 
As shown in this particular figure, the circuit 
substrate 5 is formed with a through hole 50e for 
fitting the semiconductor device B. The through hole 
50e is spaced from another through hole 50r for the 
light receiving semiconductor device B' by a 
predetermined distance. 

The circuit substrate 5 has a main surface 51 
provided with four connecting pads 52 near the 
through hole 50e. These pads 52 are to be connected 
with the outer portions 11', 12' of the first lead 
1' , and the outer portions 21' , 22' of the second lead 
2' of the semiconductor device B. 

When the semiconductor device B is fitted into the 
through hole 50e, a suction collet K as shown in Fig. 
9 may be used. In this case, a bottom surface 41' 
of the semiconductor device B is sucked by the suction 
collet K, and then the collet K is moved toward the 
circuit substrate 5 to insert the semiconductor 
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device B into the through hole 50e. (See indication 
by dashed lines in Fig. 9.) 

After the semiconductor device B is appropriately 
fitted into the through hole 50e, the circuit 
5 substrate 5 mounted with the semiconductor device B 
(and the semiconductor device B') undergoes a heat 
treatment. Though not illustrated in the figure, 
each of the connecting pads 52 is applied with solder 
paste in advance. Therefore, by heat-treating the 

10 circuit substrate 5, the applied solder becomes 
molten, and by cooling the circuit substrate 5 
thereafter, the outer portions 11', 12', 21' 22' of 
the first lead 1' and the second lead 2' are fixed 
to respective connecting pads 52. 

15 After mounting the semiconductor devices B and B' 

on the circuit substrate 5, as shown in fig. 10, a 
coating member 53 is applied on the main surface 51 
of the circuit substrate 5. As a result, the 
semiconductor devices B, B' are coated by the coating 

20 member 54. Through such a process as described above, 
a unit C including the semiconductor devices B, B' 
and the circuit substrate 5 is obtained. The coating 
member 54 is preferably provided by an electrically 
insulating and optically nont ranspar ent resin for 

25 example. By using the coating member 54 provided by 
such a resin material, light, electrical noise and 
so on from outside of the unit C can be shielded. 
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As shown in Fig. 10, the unit C can be used in a 
CD player for detecting presence of a disc D. 
Specifically, the unit C is disposed in the CD player, 
so that the light condensing portions 44' of the 
5 semiconductor devices B, B' face the inserted disc 
D. If the disc D is absent, light emitted from the 
semiconductor device B advances a path indicated by 
dashed lines in Fig. 10, and reaches the 
semiconductor device B'. (The member P disposed 

10 across the path is a prism.) On the other hand, if 
the disc D is inserted in the CD player, the path 
described above is blocked by the disc D, and the 
light emitted from the semiconductor device B is not 
received by the semiconductor device B' . 

15 The above described unit C utilizing the 

semiconductor devices B, B' according to the present 
invention, can be made more compactly than a unit 
utilizing prior art semiconductor devices and the 
substrate. (See Fig. 21.) Therefore, as shown in 

20 Fig. 10, the disc D can be placed closer to the second 
surface 51a of the circuit substrate 5 than in the 
prior art. As a result, it becomes possible to 
decrease a detecting space for the photo sensor 
incorporated in the CD player. 

25 Next, a semiconductor device according to a third 

embodiment of the present invention will be described 
with reference to Figs. 11-13. As will be understood 
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from Fig. 13, the semiconductor device according to 
the third embodiment is a photo sensor in which a 
light emitting semiconductor element is packaged 
together with a light receiving semiconductor 
5 el emen t . 

Specifically, the illustrated semiconductor 
device E, comprises a light emitting semiconductor 
chip 3, a light receiving semiconductor chip 3', and 
a protective package 4' covering these semiconductor 

10 chips. Further, the semiconductor device E has a 
generally flat first lead 1 and a second lead 2 each 
conducting to the semiconductor chip 3, and further 
has a generally flat first lead 1' and a second lead 
2' each conducting to the semiconductor chip 3' . Each 

15 of the first leads 1, 1' and the second leads 2, 2' 
partially extends out of the protective package 4'. 
The protective package 4' according to the third 
embodiment has an outlook generally the same as the 
one shown in Fig. 3, differing however, in that no 

20 light condensing portion is provided, and that a 
cutout 46' is formed at a corner portion of the 
protective package 4' . 

The protective package 4' has a first transparent 
resin portion 4'a incorporating the semiconductor 

25 chip 3, a second transparent resin portion 4'b 
incorporating the light receiving semiconductor 
chip 3' , and a third, non- t r anspar en t resin portion 
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4'c holding the resin portions 4'a, 4'b. The first 
and the second resin portions 4'a, 4'b have 
respective upper surfaces and bottom surfaces not 
covered by the third resin portion 4'c and therefore 
exposed to outside. The first and the second resin 
portions 4'a, 4'b are formed of a transparent epoxy 
resin for example whereas the third resin portion 4'c 
is formed of a black resin for example. 

In a side view, the semiconductor chip 3 is placed 
generally at a vertically central location in the 
first resin portion 4'a, on an inner portion 10 of 
the first lead 1 whereas the semiconductor chip 3' 
is placed at a generally central location in the 
second resin portion 4'b, on an inner portion 10' of 
the other first lead 1' . The upper surfaces of the 
semiconductor chips 3, 3'are electrically connected 
with inner portions 20, 20' of the second leads 2, 
2' respectively via wires W. 

As shown in Fig. 13, the semiconductor chip 3 can 
be provided by an LED whereas the semiconductor chip 
3' can be provided by a pho t o t r an s i s t o r . 
Alternatively to the ph o t o t r an s i s t o r , a photo diode 
may be used. 

The semiconductor device E having the 
constitution described as above can be manufactured 
in the following steps to be described below. 
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First, a lead frame 6' as shown in Fig. 14 is 
prepared by punching out a thin metal plate for 
example. The lead frame 6' includes a first and a 
second side bars 60'a, SO'h, extending in parallel 
5 to each other, and a plurality of cross bars 63' (Fig. 
14 shows only two cross bars) . The cross bars 63' 
are spaced from the adjacent ones by a predetermined 
interval T longitudinally of the lead side bars 60'a, 
6 0 ' b . 

10 In a region between a pair of mutually adjacent 

cross bars 63', a pair of lead portions 62'c, 62'd 
and another pair of lead portions 64'c, 64'd are 
disposed. The lead portions 62'c, 64'c extend from 
the first side bar 60'a toward the second side bar 

15 60'b. Onthe other hand, the lead portions 62'd, 64'd 
extend from the second side bar 60'b toward the first 
side bar 60'a. The lead portions 62'c, 64'c have free 
ends formed with chip bonding portions 62'a, 64'a 
respectively. Further, the lead portions 62'd, 64'd 

20 have free ends formed with wire bonding- portions 
62'b, 64'b respectively. 

The lead frame 6' having the constitution as 
described above is mounted with a light emitting 
semiconductor chip 3 and the light receiving 

25 semiconductor chip 3' . Specifically, as shown in 
Fig. 15, the light emitting semiconductor chip 3 is 
bonded to the chip bonding portion 62'a whereas the 
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light receiving semiconductor chip 3' is bonded to 
the chip bonding portion 64'a. Thereafter, the upper 
surface of the semiconductor chip 3 and the wire 
bonding portion 62'b are electrically connected by 
5 the wire W whereas the upper surface of the 
semiconductor chip 3' and a wire bonding portion 64 'b 
are electrically connected by a wire W' . 

Next, as shown in Fig. 16, the semiconductor chip 
3 and the wire W are molded and thereby covered by 

10 a transparent resin body 47a (hereinafter called the 
first resin body) , and the semiconductor chip 3' and 
the wire W' are molded and thereby covered by another 
transparent resin body 4'b (hereinafter called the 
second resin body) (The first molding step) . 

15 Next, as shown in Fig. 17, the first and the second 

resin bodies 4'a, 47b are covered by a non- 
transparent resin body (hereinafter called the third 
resin body) (The second molding step) . In this step, 
the upper surfaces and the bottom surfaces of the 

20 first and the second resin bodies 4'a, 4'b are left 
exposed to outside. 

Finally, the four lead portions 62'c, 62 'd, 64'c, 
64'd are cut at predetermined locations (indicated 
by dashed lines in Fig. 17) to obtain the 

25 semiconductor device E as shown in Fig. 11. The 
semiconductor device E can be placed into the circuit 
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substrate in the same state as is the semiconductor 
device B shown in Fig. 3. 

Next, reference is made to Fig. 18 and Fig. 19. 
These figures show a storage receptacle capable of 
5 collectively storing a plurality of the 
semiconductor devices. Figs. 18 and 19 show the 
semiconductor devices A according to the first 
embodiment. However, the storage receptacle can also 
be used to store the other semiconductor devices such 
10 as the conductor device B and the conductor device 
E . 

As shown in Fig. 18, the storage receptacle 
includes a carrier member H having a plurality of 
recesses Hi, and a cover tape R pasted to the carrier 

15 member H to close the recesses Hi. The recesses Hi 
are formed at a predetermined longitudinal interval 
S. The cover tape R has a adhesive surface Rl to 
contact the carrier member H and can be peeled off 
the carrier member H as necessary (See Fig. 19) . 

20 As shown in Fig. 18, each semiconductor device A 

is housed in a corresponding recess HI, with the 
bottom surface 41 facing upward. In order to 

accommodate the entire semiconductor device A 
appropriately while avoiding interference with the 

25 light condensing portion 44, each recess Hi includes 
an upper space Hla having a larger area of section 
and a lower space Hlb having a smaller area of 



26 



section. The light condensing portion 44 is housed 
in the lower space Hlb. The carrier member H having 
the constitution as described above may be formed by 
embossing an oblong member made of a plastic for 
examp 1 e . 

For automatically storing a plurality of the 
semiconductor devices A into the recesses Hi, a 
suction collet operated under a computer control may 
be used for example. After a predetermined number 
of the semiconductor devices A are placed 
appropriately, the cover tape R is pasted to the 
carrier member H to close each of the recesses. This 
operation can also be automated. 

Each of the semiconductor devices placed in the 
carrier member H and covered by the cover tape R can 
be taken out of the storage receptacle in the 
following steps. 

Specifically, referring to Fig. 19, first the 
cover tape R (See Fig. 18.) pasted to the carrier 
member H is gradually removed by appropriate means. 
During this operation, the carrier member H is moved 
in a direction indicated by Arrow I. On the other 
hand, the removed cover tape R is moved in a direction 
indicated by Arrow I' and wound by an un i 1 1 u s t r a t ed 
winding device. This gradually exposes the 

semiconductor devices A in the recesses Hi of the 
carrier member H. The exposed semiconductor device 
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A is sucked by a suction collet K disposed at an 
appropriate location, and then taken up. In such 
steps as described above, the semiconductor devices 
A are taken out of the recesses H, one by one. 
5 According to the method described as above, the 

semiconductor devices A stored in the storage 
receptacle can be automatically taken out. Further, 
after taking out a necessary number of semiconductor 
devices A, if the remaining cover tape R is left 

10 attached to the carrier member H, then the remaining 
semiconductor devices A can be stored unexposed to 
the outside air. The carrier member shown in Figs. 
18 and 19 is an oblong member. However, the shape 
of the carrier member H is not limited to this. For 

15 example, the recesses HI for accommodating the 
semiconductor devices may be provided in a two- 
dimensional layout in a plate-like container. 
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CLAIMS 

1. (Amended) A semiconductor device comprising: 
a semiconductor chip; 
5 a protective package for covering the 

semiconductor chip, including at least a pair of 
opposed side surfaces, each of the side surfaces having 
a first slanted portion and a second slanted portion 
each being flat and meeting the other at a predetermined 
10 angle; 

a first lead conducting to the semiconductor chip, 

including an inner portion covered by the protective 

package and a plurality of outer portions extending out 

of the protective package; 
15 a second lead conducting to the semiconductor chip, 

including an inner portion covered by the protective 

package and a plurality of outer portions extending out 

of the protective package; 

wherein the inner portions and the outer portions 
20 of the first and the second leads are flat, extending 

in a same plane , 

wherein the outer portions of the first lead extend 

from both of the pair of opposed side surfaces out of 

the protective package, and 
25 wherein the outer portions of the second lead 

extend from both of the pair of opposed side surfaces 

out of the protective package. 
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(Deleted) 



3 . ( Deleted) 



5 4. (Deleted) 



5. (Amended) The semiconductor device according to 
Claim 1, wherein the outer portions of the first and 
the second leads extend out of the protective package, 
10 from places where the first slanted portion and the 
second slanted portion meet each other. 



6. (Amended) The semiconductor device according to 
Claim 5, wherein the first slanted portion and the 

15 second slanted portion meet each other generally at a 
thickness-wise center of the protective package. 

7. The semiconductor device according to Claim 1, 
wherein the semiconductor chip is a light emitting 

20 element . 



8. The semiconductor device according to Claim 1, 
wherein the semiconductor chip is a light receiving 
e 1 emen t . 

25 

9. (Deleted) 



10. (Amended) A mounting structure of a semiconductor 
device on a circuit substrate, 

the semiconductor device including: a 

semiconductor chip; a protective package for covering 
5 the semiconductor chip, including at least a pair of 
opposed side surfaces, each of the side surfaces having 
a first slanted portion and a second slanted portion 
each being flat andmeeting the other at a pr ede t ermined 
angle; a first lead conducting to the semiconductor 

10 chip, including an inner portion covered by the 
protective package and a plurality of outer portions 
extending out of the protective package; a second lead 
conducting to the semiconductor chip, including an 
inner portion covered by the protective package and a 

15 plurality of outer portions extending out of the 
protective package; the inner portions and the outer 
portions of the first and the second leads being flat 
and extending in a same plane; the outer portions of 
the first lead extending from both of the pair of 

20 opposed side surfaces out of the protective package; 
the outer portions of the second lead extending from 
both of the opposed side surfaces out of the protective 
package ; 

the circuit substrate including: a main surface 
25 formed with a predetermined wiring pat tern ; aplurality 
of connecting pads formed in the main surface; and a 
through hole corresponding to a shape of the protective 
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package; 

wherein the protective package is fitted into the 
through hole and the outer portions of the first lead 
and the second lead are connected with the connecting 
5 pads . 

11. The mounting structure according to Claim 10, 
wherein the connecting pads are disposed around the 
through hole. 

10 

12. The mounting structure according to Claim 10, 
wherein the main surface mounted with the semiconductor 
device is laminated with a coating member. 

15 13 . {Deleted) 

14. (Deleted) 

15. (Deleted) 

20 

16. (Deleted) 

17. (Added) A method for manufacturing a semiconductor 
device using a lead frame, the lead frame including a 

25 pair of side bars and aplurality of pairs of cross bars, 
each pair of the cross bars including a first cross bar 
bridging the pair of side bars and having an 
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intermediate portion formed with a bonding pad and a 
second cross bar bridging the pair of side bars near 
the first cross bar, the pair of side bars being 
interconnected only by the first and the second cross 
5 bars; the method comprising: 

a semiconductor-chip bonding step of bonding a 
semiconductor chip to the bonding pad, establishing 
electrical connection with the first cross bar; 
a wire bonding step of electrically connecting the 

10 semiconductor chip with the second cross bar located 
near the first cross bar; and 

a protective-package formation step of forming a 
protective package using a resin, for sealing the 
semiconductor chip, the wire, part of the first cross 

15 bar including the bonding pad, and part of the second 
cross bar including a portion connected with the wire. 

18. (Added) The method according to Claim 17, wherein 
the lead frame is heated in the wire bonding step. 
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AB STRACT 



The semiconductor device (A) comprises a 
semiconductor chip (3) , a protective package (4) 
5 covering the semiconductor chip (3) , a first lead 
(1) , and a second lead (2) . The semiconductor chip 
(3) is placed at an inner end (10a) of the first lead 
(1) . Further, the semiconductor chip (3) is 

connected to an inner end (20a) of the second lead 

10 (2) via a wire (W) . The first lead (1) includes an 
outer portion (11) extending out of the protective 
package (4) whereas the second lead (2) includes an 
outer portion (21) extending out of the protective 
package (4) . These two outer portions (11, 21) are 

15 flat. 
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Japanese Language Declaration 




As a below named inventor, I hereby declare that: 




My residence, post office address and citizenship are as stated 
below next to my name. 




I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 

SEMICONDUCTOR DEVICE AND 


SUBSTRATE FOR MOUNTING THE SAME 






the specification of which 
(check one) 

□ is attached hereto. 




□was filed on as 


^tuxmtau. 


Application Serial No. 


BlzmiEUfz, 


and was amended on 




(if applicable) 


□ B(ZPCTai^£iijP#^ 

m ^tLxmiiiu. 


Hwas described and claimed in POT international application 
No. PCT/JP99/04624 f,^,^ 




August 26, 1999 




and as amended under PCT Article 19 on 


icpif g ©it^^ la^i-^ wr ^ c <h ^ 


(if applicable) 

I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is 
material to the examination of this application in accordance 
with Title 37, Code of Federal Regulations, § 1.56(a). 
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I hereby claim foreign priority benefits under Title 35, United 
States Code, § 119(a)-(d) or § 365(a)-{b) of any foreign 
application(s) for patent or inventor's 
certificate, or of any PCT international application which 
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application for patent or inventor's certificate or PCT 
international application having a filing date before that of the 
application on which priority is claimed: 
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(Filing Date) 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application (s), or § 365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in die manner provided 
by the first paragraph of Tide 35, United States Code, § 112, 1 
acknowledge the duty to disclose material information as 
defined in Tide 37, Code of Federal Regulations, § 1.56(a} 
which occurred between the filing date of the prior application 
and the national or PCT international filing date of this 
application: 
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(1$fFx^*-v mm,'^. ISim^^) (patented, pending.abandoned) 



(Application Serial No.) 



(Filing Date) 
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Section 1001 of Title 18 of die United States Code and 
that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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